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ART AND

An overview. Examples

Painting and Drawing
— Materials

— Restoration
‘Classical’ Photography

— Photosensitive materials, development, fixing, toni ng
— Various technigues

Printing techniques

(Glass, ceramics, mosaic
— Production, staining, glazing
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COLOUR AND CHEMISTRY

A closer look
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COLOUR AND

A closer look

Dyes and pigments

— Natural and synthetic

— |norganic pigments

— Organic colorants (dyes and pigments)

Research for and production of colorants

— Basis of chemical industry in the 19th century

— Coloration of e .g. textiles, plastics, paints, prin  ting inks

Dye and pigment properties

— Relationship between molecular structure and dye
properties (chemical and physical)

— Light absorption and reflection, light emission
(luminescence)

Scientific uses of colour

© Wolfgang Trettnak 2007




COLOUR AND

The beauty of a chemical structure

Phthalocyanine Blue [1]
Phthalocyanine Green [2]
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COLOUR
Visible light spectrum
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COLOUR
Absorption of light

incident

white light reflected light

¥

dye layer

transmitted light

Spectrum of the light
reflected by the dye [5] :

reflected light

380 460 540 620 700 [nm]

wavelength

© Wolfgang Trettnak 2007




COLOUR

Emission of light. Luminescence

Luminescent
dye solutions
under ultraviolet
(UV) light
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COLOUR

Emission of light: Luminescence

Fluorescence Phosphorescence

Blue light
on!

Blue light
off!
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COLOUR

Emission of light: Luminescence

Fluorescein [6]
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Light absorption and emission spectra [ /]
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COLOUR AND

Scientific use: Examples

Spectroscopy, colorimetry

— ldentification of dyes and pigments

— Quantification of coloured substances
Colour reactions

— Change In colour or luminescence
— Coloured substrates and/or products

Indicator dyes
— Change in colour or luminescence

Staining, labelling
— Colouring of materials

Tracing
— |dentification of flow or metabolic pathways
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COLOUR AND

Scientific use: Colour reactions

For gualitative and quantitative analysis
For colourless substances

— e.¢g. glucose, antibodies

E.g. clinical laboratory
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COLOUR AND CHEMISTRY

Thermochromism: Temperature indicators

The right
temperature
of wine:

Refrigerated ... ... and at room
temperature
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COLOUR AND

Scientific use: Indicators
e -)

pH 4 pH 7 pH 10
acidic neutral basic

pH Indicator dye

In

acetic acid ... .andin
- solution of

sodium
carbonate!
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COLOUR AND

Scientific use: Gastric CO , sensor

—_ _ catheter _reflective coating

_.,!1
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« Fibre optic catheter

e Intensive care medicine
 Early warning system

» Shock, heavy Iinflammation
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COLOUR AND

Scientific use: Indicators

luminescent
H = H = | oxygen indicator dye

0%0, 10%0, 721%0

[11]

Platinum(ll) meso-
Tetra(pentafluorophenyl)-
0 20 40 80 80 100 120 140 160 180 200 220 .
0, [hPa] porphlne
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COLOUR AND CHEMISTRY

Scientific use: oxygen measurement

B q;-l
, I

i

sk,

» Process control

» Food packaging

« Clinical applications (breath gas, blood)
 Trace gas analysis
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COLOUR AND

Blood: Hemoglobin

+ O, @« HHO,

Heme B [12]

Pulse oximeter [13]
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COLOUR AND

Plant green
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COLOUR AND

Scientific use:

Lung tissue from emphysema patient
stained with 2 dyes [15]

Staining

* Biochemistry
« Medicine
» Biology

Blue - cell nuclei

Pink - cytoplasm and
connective tissue

Bright red - red blood cells
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COLOUR, ART AND

Use of luminescent dyes and pigments

« Applications of phosphorescent pigments

— Computer and TV screens

— Watches, Displays, Toys
Applications of fluorescent dyes

— Marker

— Whitening agents (e.g. in washing powder)
— Signalling (warning clothes, signs)
Problem: Photobleaching!

— Bleaching within weeks or months
Limited use in fine arts

— When no durability is required

— When artwork is not permanently exhibited (and store
in the dark)

Showroom should be dark, UV light desirable
Design, decorative purposes, installations
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Luminescent Object "Radioactive!”

Wood, metal, synthetic material, acrylics and phosp horescent pigment;
31,7 x9,6 x10,3 cm: 2006
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COLOUR JHEORY

What is colour?

Light source — %) Data processing

unit

/

Object /@ \ Light detector

Colour Is no intrinsic property of the light or the object!
Colour is created in the brain of the observer!

[22]
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COLOUR IHEORY

The human light detector

Amicrine and ganglion cells

Retinal blood vessels

Right human eye Bipolar and horizontal cells Photoreceptors
cross-sectional view (cones and rods)

The retina
(simplified axial organization;

thickness ca. 0,5 mm) [33]
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COLOUR [FHEORY

The human light detector

Cone receptors
(colour vision):

S - short-wavelength
(‘Blue”) receptor

M - medium-wavelength
(‘Green’) receptor
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L- long-wavelength
(‘Red”) receptor
400 300 GO0
Fiadet Bl Cyan (rrecn Yellow

Wavelength (nm)

R - Rod receptors
(for dark adaptation,
black-and-white vision)

Human eye photoreceptor response curves [22]
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COLOUR THEORY

The human data processing

Lateral geniculate
nucleus

chiasm
;oo
g Lateral

% geniculate
. 4 nucleus

. 4 Superior
LS/ colliculus

Visual cortex

Visual system: side view and view from underneath t he brain [23]
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COLOUR THEORY

Additive colour mixing

Basic colours (RGB)

25 . Red (R)

* Blue (B)
| s Green (G)

[17]
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COLOUR THEORY

Subtractive colour mixing

Basic colours

s Cyan (C)

« Magenta (M)
s Yellow (Y)

s (Black (K))

o (White)

Problem

* Non-ideal colours
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COLOUR THEORY

ldeal and real colours

Cyan (ideal)

A
460 540 620 700 [nm]

Rot (ideal)

A
380 460 540 620 700 [nm]

Cyan (real)

A

380 460 540 620 700 [nm]

Rot (real)

A
380 460 540 620 700 [nm]

Reflectance spectra [5]
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COLOUR THEORY
Johannes ltten (1961)

Problems

» Basic colours
— Red
— Blue
— Yellow
« Some colours are missing
— Cyan
— Magenta
» Problems in colour mixing

[18]
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COLOUR THEORY

Harald Kuppers: Basic colours

White B Cone receptor sensitivity
Yellow

Magenta-red

I l
Cyan-blue ' ‘
Violet-blue
Green
Orange-red A A
Black el

8 basic colours as extreme possibilities of sensati on
» 3 fundamental colours (B, G, R)

[21]
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COLOUR THEORY

Harald Klppers: Basic diagram

®

e 6 basic colours
 Black and White
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COLOUR THEORY

Young-Helmholtz:

498 534 564

Normalised absorbance

richromatic theory

S M L Colour

I i Blue
' 1 Green

Fiedet Bl Cvan (rreen Yellow

Wavelength (nm)

Receptor response curves [22] rods (R)

and cones: short-wavelength - S
medium-wavelength -
long-wavelength - L

I ' ' White

M
Cone response patterns [23]
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COLOUR THEORY

Ewald Hering: Opponent-Process Theory

Observations

Colour pairs
No reddish green
No bluish yellow

Afterimages

Simultaneous colour
contrast (induced colours)

Colour blindness (red/green;
bluelyellow)

Red & Blue & Black &
Green Yellow White
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COLOUR [HEORY

Opponent-Process Theory

Colour-opponent cells [24] Opponent Inputs [24]

R+G R G+
B+Y BY+

Eye (retina)
LGN (lateral geniculate

nucleus) Colour discrimination
Brain (visual cortex) ‘ s facilitated!
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COLOUR THEORY

Why opponent processes?

Finding the strawberry ...

e
| * s
|

] iy

... wWith colour vision! ... without colour vision!
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COILOUR [HEORY

Colour constancy [24
(Edwin Land: Retinex theory)

The Hllumination conditions may change

Biological signalling and colour would loose their
sense

Physical constant of a surface: reflectance

Reflected light at a given wavelength gives a
lightness record

Lightness records are compared
Colour Is the end product of 2 comparisons
Colour Is a comparison of comparisons!
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COLOUR THEORY

Lightness records

Qriginal Red channel Green channel Blue channel
colour “Mondrian”
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COLOUR THEORY

Brain: The visual cortex

Rear view of the brain [25]
(Red: Primary visual cortex)

Semir Zeki (1993) [24] .

The brain must actively construct the colour of a s urface from
the information that is available to it.

Do different brains give identical colour interpret ations to the
same surfaces?

It is almost certain that the interpretations are v = ery similar!
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Personal background
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Bionics: Personal background
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AR T
Personal background

Start as autodidact more than 25 years ago
Various workshops, seminars and artistic courses
Artistic technigues

Painting with acrylics, oll colours and tempera

Collage, assemblage

Drawing

Printing techniguies (Aguatint, etching, lithography

Photographical technigues (Cyanotype, albumin
printing, salt printing)

Main subjects of work (past 10 years):
— Man

- Colour

Free-lance artist since 5 years
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ART AND
The conflict

During the studies - no contradiction between chemis  try and
painting

and Art have in common:
— Creativity, Fantasy, Inventiveness, Curiosity

Alter 10 years of working In applied researchthe s  cientific
work was dominated by

— meetings, discussions, writing of heavy proposals
— economical, political and marketing needs
— alack in money, personnel and equipment
— little creative and future perspectives
This also hindered the artistic work

It is difficult to do good work in two so different and time-
consuming fields in parallel!
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The inflatable breast -
variable in size!

The silicon pump

Acrylics and electronic
components on hard board;
70x44 cn: 1997

© Wolfgang Trettnak 2007




Bionics and man
Medical reality and research

Intensive care units

Artificial retina (silicon chip)
To provide the right dose of insulin to the diabeti ¢ patient
Tubes, sensors, cameras, surgical instruments

To be moved with mental power
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Severely mutilated,
but still alive!

Where is the entrance for
the handicapped?

Acrylics and electronic
components on canvas;
95 x 65 cm; 2002
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Space proof!

Ready for the moon!

Acrylics and electronic
components on canvas;
95 x 65 cm; 2002
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A man reduced to his
virile functions!

Him!

Acrylics and electronic
components on canvas;
95 x 65 cm; 2002
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Without brain —
but with the right chip!

Changing the program

Acrylics and electronic
components on canvas;
95 x 65 cm; 2003
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Bionics and man
Human relationships

Man as a logical and rational machine

The "programmable” partner

Understanding the “program’ of the partner
Understanding the “data’” communicated by others
Stimulating or controlling sexual behaviour
Genetic selection on the offspring

Cloning to produce identical offspring (?)

Comm unication via electro_nic means has become
standard (mobile phones, internet efc.)

Chips for control of criminals (surveillance and
identification)

Artificial fertilization, genetic pre-selection

Sex industry (pills (Viagra), artificial limbs,
aphrodisiacs etc.)
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Between cretin
and genius!

The burden of
genes

Acrylics and electronic
components on canvas;
95 x 65 cm; 2003
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Initiating the flows
of information!

Making contact

Acrylics and electronic
components on
canvas;
80 x 80 cm; 2005
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What shall we
do today?

The programmable
woman

Acrylics and electronic
components on
canvas;
80 x 80 cm: 2005
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Feelings or
hormones?

The hot wire

Acrylics and electronic
components on
canvas;
80 x 80 cm, 2005
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How does it work?

Erection control

Acrylics and electronic
components on canvas,;
80 x 80 cm:; 2005
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The flow
of information!

Direct data transfer

Acrylics and electronic
components on canvas,
80 x 80 cm: 2005
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Bionics and animals
Human expectations on pets and
domestic animals

Controllable and guidable “units”
Substitute for partners, friends, children
Reproduction “units”

Food and meat resources

Transport vehicles

Sport and leisure “tools”

Biological lawn-mowers

Chips for control (owner, position)

Gene manipulation (since thousands of years throug
selection)

Cloning (first successful experiments)
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The super cow
with increased
milk production!

Pinzgauer Rind

Acrylics and electronic
components on hard
board;
47,5 x 57 cm; 1997
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The automated
cat feeding
system!

Food-conditioned
cat unit

Acrylics and electronic
components on
canvas;
60 x 60 cm; 2007
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CATCONTROL® PLUS V2
Advanced cat feeding operation unit

Short system description

Catcontrol® main unit 0 6 Catcontrol®
+  Drivers for automatic food liquid cat nutrient

supply with enhanced nutritive value

control of cat nutrient levels in supply storage tanks  and I
(storage tanks; cat stomach)

automatic cat weight estimation
alamm settings

Catcontrol® Excel
food sensors with extra high
definition and extended

Catcontrol® e sensitivy for food objects
behaviotr control tinit

2 exchangeable and programmable

cat behaviour chips Catcontr_ol@ :
cat feeding control unit

featuring:
» power on/off switch
e + “manually adjustable feeding
speed
stand-by function
RS232 interface for PC

Program: Catcontrol® V2.07
on exchangeable chip on implanted
Catcontrol® operative unit
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The ultimate
dog control
system!

Aggressively and
autonomously
operating dog unit

Acrylics and electronic
components on
canvas;
60 x 60 cm: 2007

© Wolfgang Trettnak 2007




DOGGUARD®
Advanced long-distance dog control unit

Short system description

DOGGUARD®
receiver antenna 0 a DOGGUARD®
» fixed to the DOGGUARD® control unit (not shown)
bio leather collar o user-friendly
+ telescopic _ + “hand-held device
» for long range action » battery-operated
s robust stainless steel « extented transmission range
« pasydog-programming

DOGGUARD® 9
improved olfactory system DOGGUARD®

exchangeable chemical sensors tail-wagging (option)
tunable sensitivity controlled tail-wagging only!
various applications;

e.g. hunting, drugs; criminals;

asyiants

DOGGUARD®
main board

Program DOGGUARD® V1,12 featuring:

exchangeable chip on implanted * pre-prpgrammable dog

DO GGUARD® main board behaviour . _
for use in combination with + enhanced aggressivity chip

DOGGUARD® confrol unit «  tail-wagging control (option)
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Art / Art
Art of the 21st century?

Art Is an art practice in which the medium is living mat ter
and the “works of art” are produced in laboratories and/or
artists’ and designers'’ studios. Tools e.g..

— biotechnology
— genetic engineering
— cloning

Art

genetically modified organisms
transgenic organisms (modified with genes from othe [ organisms)
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Art
The VVacanti mouse

Dr. Charles Vacanti (USA, 1997)
Ear-shaped cartilage structure
grown on biodegradable mould

For creating structures for
transplantation into human patients
First created 1999

No genetic engineering!
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Art
The GloFish

Genetically modified
fluorescent zebrafish
Additional genes from
jellyfish and sea coral
Bright red, green and
orange fluorescent colour
First created 1999

On the market since 2003!

[28.29]

The first genetically modified animal to become pub licly available as pet!
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Art
Alba — The GFP bunny

Eduardo Kac (US artist, 2000)

Transgenic artwork

Genpetically modified

green fluorescent rabbit

White albino rabbit with

synthetically modified jellyfish gene [30]
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[26, 26, 27]

ART and
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World's first
hyena book
for children!

19 B
I'm Browny!”
Text: Martina Trinkel
lllustrations: Wolfgang Trettnak
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, ART and

Background

Eirst hyena book for children

Based on zoological facts

Published in March 2006 by Gamsberg Macmillan in
Windhoek (Namibia) and by the authors in Graz (Austr  13)

[26]
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World's first
hyena book
for children!

"LION! LION!
HELP!"
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World’s first
hyena book
for children!

“Wahoo,
| have my
first spot!”’
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World's first
hyena book
for children!

| roll happily
onto my
back ...
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COLOUR, ART AND

Useful links and literature

http://en.wikipedia.org

hitp:/Awww .colorsystem.com/

hitp: /hwww ipsifraunhofer.de/Kuepperstarbe

hitp. /Awww . joanneum.at/CPK

Johannes Itten, "Kunst der Farbe”, Ravensburger Buchve rlag, 1970

Heinrich Zollinger, ‘Colour — a multidisciplinary ap proach’, Wiley-VCH,
1999

E. Bruce Goldstein, “Sensation & Perception”, Brook s/Cole Publishing
Company, 1996

Semir Zeki, A Vision of the Brain, Blackwell Scienti fic Publications, 1993
Philipp Ball, ‘Bright Earth: Art and the Bright Inve ntion of Colour’, 2002

Victoria Finley, “Colour, Travels Through the Paint box”, Hodder and
Stoughton, London, UK

Claudia and Wynand Du Plessis, "Etosha — Rhythms of an African
Wilderness’ (http:/iwww claudiawynandduplessis.com/)
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COLOUR, ART AND

| inks and references

hitp:/le n.wikipedia org/wiki/Phthalocyanine Blue BN

hitp./le n.wikipedia.org/wiki/Phthalocyanine Green iy

hitp:#e n.wikipedia.org/wikifVisible spectrum

hitp:/le n.wikipedia org/wiki/Ele ctromagnetic spec trum

Andreas Rombold, Siebdruck und Serigraphie,; Ravens = burger Buchverlag, 1995
Attp:lfe n.wikipedia.org/wikifFluorescein

hitp:/iche mdept.chem.ncsu.edu/~franzen/Poznan/mem - brane fuse/sld080.htm

JOANNEUM RESEARCH Forschungsgeseilschalt mbH, Graz =, Austria;
hitp.hwww. joanne um.at/CPK

‘Rose”, Syrah, Vin de pays D'OC, Domaines de Fonica = ude, Cessenon sur Orb, France

Martina Trnkel, Optical sensors for tfrace oxyge n analysis, Doctorate thesis, Graz
(Austria), 1998

hitp:/hwww. frontiersci.com/browse .php ?browse =Syn the ticY@20Porphyrins
hitp //e n.wikipedia org/wikifHe me

hitp/ide wikipedia.org/wiki/Pulsoxymetrie

hitp /e n.wikipedia.org/wiki/Staining

hittp:e n.wikipedia.org/wikifChlorophvil

hitp e n.wikipedia.org/wikitAdditive - color
hitp:/iwww.ipsi.iraunhofer.de/~crueger/farbe/far . b-misch.html

hitp:lfde wikipedia.org/wikifJohannes ltten

hitp./le n.wikipedia.org/wikifSubtractive color
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COLOUR, ART AND

L iInks and references

hitp: e n.wikipedia. org/wikifCMY K

hittp fiwww. ipst fraunhoter.de/Kue pper starbe/

hitp:/le n.wikipedia. org/wiki/Color. vision

E. Bruce Goldstein, "Sensation & Perception”, Br = 0ooks/Cole Publishing Company, 1996
Semir Zeki, A Vision of the Brain, Blackwell Scie  ntific Publications, 1993
hitp:/le n.wikipedia org/wiki/Visual corex

hitp /iwww. claudiawynandduple ssis.comy/

Martina Trinkel, Graz (Austria)

hittp:/le n.wikipedia org/wiki/GloFish

hitp /www.glofish.com

hitp A e kac.org

hitp:Hen.wikipedia. org/wiki/Vacanti. mouse

http Aiwww. famouspictures.org/magl/index.php2titl e=Ear Mouse

hitp:/le n.wikipedia org/wiki/Retina

hitp /e n.wikipedia. org/wiki/Visual perception

hittp e n.wikipedia.org/wiki/Pigmen

http:/fe n.wikipedia. org/wiki/Re mbrandt

hitp:/le n.wikipedia.org/wiki/History of photogra

hittp:/le n.wikipedia org/wiki/Stained glass

hitp://e n.wikipedia. org/wiki/Michelangelo
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